Aim: The purpose of this report is to survey the factors contributing to variation in lipoprotein(a) (Lp(a)) in a population-based sample of Anglo-Celtic Melburnians. Results: The plasma Lp(a) levels were highly skewed towards low levels in this population, with a median of 156 mg=l and a mean of 262 mg=l. Approximately 33% had plasma Lp(a) above the threshold value of 300 mg=l, while 35% had Lp(a) levels below 100 mg=l. The most commonly occurring phenotype was apo(a) S3. In this phenotype, Lp(a) concentrations ranged from 10 to 596 mg=l. Lp(a) was consistently associated with diastolic blood pressure, systolic blood pressure, total protein, albumin and nitrogen excretion in the 40 -60 y age group. Multiple stepwise regression analyses, in non-dietary factors, were used to explain about 13% of the variance in Lp(a) (19% in men and 23% in women). Remarkably, in the <40 y age group, non-dietary factors may account for 86% of the variance in Lp(a) and dietary factors, analysed separately, 46%. Thus, although Lp(a) is mainly genetically determined, there are clearly other factors which contribute to variations in Lp(a) concentrations.
Introduction
It has been shown that the frequency distribution of lipoprotein (a) (Lp(a)) concentrations are highly skewed to low levels in white populations (Hajjar et al, 1989; Uttermann, 1989; Nikotin et al, 2001) . Also, Lp(a) is known to be a risk factor for coronary artery disease and may be an independent risk factor for premature myocardial infarction in white males (Hearn et al, 1990; Paultre et al, 2002; Hoogeveen et al, 2001) .
As an Australian majority race, Anglo-Celtics are a representative group in this country. Therefore, investigation of relationship between Lp(a) concentrations, apolipoprotein(a) (apo(a)) phenotypes and other multiple risk factors in this ethnic population is of importance for cross-cultural comparisons in the present study. Many studies have consistently shown that phytoestrogen is related to decreased risk of coronary heart disease (CHD); (Verdeal & Ryan, 1979; Anthony et al, 1994) . To date, however, there are few published works on the effects of dietary factors on Lp(a) in white population.
The aim of the investigations described in this study was to determine whether the Lp(a) and apo(a) phenotypes demonstrated in American and European white populations also occur in an Australian white population. Also presented in this study are the relationships between Lp(a) concentrations and apo(a) phenotypes and other factors, such as education levels, lifestyle, food habits, anthropometry and biochemistry.
the population was presented to, and approved by, the Human Research and Ethics Committee at the Monash Medical Centre. All subjects recruited gave informed consent prior to commencement of the study.
Health status and lifestyle assessment
Blood pressure levels were measured and two readings each were made of the systolic and diastolic pressures and the average of the two readings was recorded for data analysis (Wright & Doye, 1970 ). An estimate of smoking habits was made by reviewing the questionnaire response from each person. Current and recent smokers were defined as smokers and ex-smokers, respectively, while subjects who had never smoked or had given up smoking completely were classified as non-smokers. The number of cigarettes smoked per day and the length of smoking time was recorded for smokers and ex-smokers. On the basis of the data, the smoker and non-smoker were used for the analysis. Judgements on alcohol consumption were made from response to the questionnaire. Consumption of any type of alcohol, eg beer, wines and spirits, led to classification as drinkers. The teetotallers and subjects who had given up drinking alcohol were classified as non-drinkers. Based on these criteria, drinker and non-drinker were the categories used for analysis.
Food intake assessment
When estimating food intake, a food frequency questionnaire containing photographs of serving sizes was used to assess food intake over the previous 12 months, using 'how much' and 'how often' in terms of 'per day', 'per week' and 'per month' for the frequency of food consumption. Standard household measures of cups, glasses and spoons were also used. Based on the Australian Food Composition Tables  NUTTAB 1991) and the CSIRO frequency questionnaire, food frequency information obtained from the questionnaire was subsequently converted to consumption in grams per day. The CSIRO unit weight of food was used for conversion to nutrient intake, which in turn was used for data analysis.
Anthropometric measurements
Anthropometric measurements included weight, height, body mass index (BMI), circumferences and skinfold thickness. Body weight was measured on a calibrated electronic balance. Height was measured on a flat surface using a conventional stadiometer with subjects standing upright, heels together and looking horizontally ahead. BMI which was used to assess overall adiposity, was calculated as weight (kg)=height (m 2 ). A plasma Lp(a) level of 300 mg=l is the generally accepted threshold for increased risk of atherosclerosis, despite the lack of internationally accepted standards or reference methods. Apo(a) phenotypes were assessed by SDS polyacrylamide gel electrophoresis, using a modification of the method of Huang et al, (1991) , based on the original procedure of Utermann et al (1987) . After electrophoresis the proteins were transferred by electroblotting to a nitrocellulose membrane. The membrane was then incubated in polyclonal rabbit anti-human apo(a) antiserum (Behringwerke) at 1 : 1000 dilution for 3 h and incubated with a second antibody, goat anti-rabbit IgG, conjugated with HRP (BioRad) at 1 : 2000 dilution for at least 1 h.
Biochemical analysis

Statistical analysis
All statistical analyses were performed using an SAS software package. A P-value < 0.05 was considered statistically significant. The Lp(a) frequency distribution in the population studied, was skewed to low levels which, for statistical purposes is an abnormal distribution, therefore data were summarized as mean, median, 25th, 75th and standard error of mean (SEM) percentiles and a non-parametric evaluation (Spearman's rank correlation coefficients) of the Lp(a) data was obligatory. The SAS procedure PROC REG with MODEL dependent options was used to perform multiple linear regression analyses and the STEPWISE option was selected to determine predicted values of independent variables. A significance level of 0.15 was set for both entry and removal of variables from the model.
Results
Descriptive statistics for plasma Lp(a) concentrations in Anglo-Celtic Melburnians are presented in Table 1 . The frequency distribution for plasma Lp(a) concentrations in this cohort was highly skewed towards lower levels with a Table 2 shows that Lp(a) concentrations negatively correlated with triglycerides, and positively correlated with LDL in men only.
Results of a stepwise multiple regression analysis of the influence of various factors on Lp(a) concentration in young, middle and old aged men and women are shown in Tables 3 -6. The independent variables included in the model were education level, number of cigarettes smoked daily, alcohol intake, sodium, iron, folic acid, haemoglobin, bilirubin, asparate transaminase (AST), 24 h urine nitrogen excretion and phytoestrogenic components of the diet. Table 3 shows that the variance of Lp(a) concentrations (19% in men and 23% in women) was explained by variables in the model. An enhanced daily intake of alcohol was related to increased Lp(a) concentration in men only. In women, there was a Variation in lipoprotein (a) ZW Xiong et al negative association between Lp(a) and bilirubin and a positive association between Lp(a) and creatinine excretion. Table 4 shows that daily alcohol intake was negatively associated with Lp(a) concentration in the < 40 y age group. A positive relationship between amount of alcohol intake per day and Lp(a) was observed in the middle age group (40 -60 y). Young people ( < 40 y) in the less-educated group had higher concentrations of Lp(a). Education level and daily alcohol consumption accounted for 50% of variation of Lp(a) concentration in young people ( < 40 y age Variation in lipoprotein (a) ZW Xiong et al group). Table 5 shows gender-based influence of phytoestrogenic components of the diet on Lp(a) concentration. Independent variables included in the model were broad beans, bean sprouts, spinach and avocados. The only phytoestrogen which was a determinant of Lp(a) concentration in men was broad beans. Lp(a) concentration was determined by broad beans, bean sprouts and spinach in women. Table 6 shows predictors of Lp(a) concentration using a stepwise regression analysis in each age group. Independent variables in the model included broad beans, bean sprouts, spinach, Rev=PhysiCal, vegetable soup, baked beans, vegetable burgers, Brussels sprouts, bran cereals, jelly, breakfast cereals and lentil burgers. In the < 40 y age group, dietary Rev=PhysiCal milk, vegetable soup, baked beans spinach and bran cereals intake were found to have a beneficial effect on Lp(a) concentration. About 14% of the variation of Lp(a) concentration was explained by jelly intake (P < 0.005). The distribution of apo(a) phenotypes is presented in Figure 1 . The S3 phenotype (24.1%) occurred more frequently than S4 (18.1%) in this population. Figure 2 shows an inverse relationship between Lp(a) concentration and single-banded phenotypes. The S1S4 phenotype was associated with the highest mean Lp(a) concentration in this population.
Discussion
To date, there have been few studies of Lp(a) in Australian populations. Wilkund et al, (1990) and Wang et al, (1990) have published data on Lp(a) level and infant and parent gene status, but the distribution of phenotypes has not yet been reported in the literature, although several studies have been carried out in other countries on white populations (Paultre et al, 2000 (Paultre et al, , 2002 Albers et al, 1974) . The present study focuses on apo(a) phenotypes and Lp(a) concentration in a white Australian migrant population of Anglo-Celtic origin.
Mean Lp(a) was not significantly different between genders. These results agree with those of Cobbaert and Kesteloot (1992) , Guyton et al, (1985) , Kostner et al, (1981) and Parra et al, (1987) . Also, the lack of a relationship of Lp(a) concentration with age is in agreement with the findings of Heinrich et al, (1991) and Steinmetz et al (1993) . Education level was negatively associated with Lp(a) concentration in young people (age < 40 y), and responsible for about 30% of the variance in Lp(a) levels, but not in the middle and older age groups. A lower education level tends to be more common among lower socio-economic groups, and cardiovascular risk factors such as excessive alcohol, cigarette smoking, high blood pressure, high blood glucose, obesity and diabetes are also more prevalent among this group. In the present study, lower levels of education were significantly associated with Significantly different from zero for F-test: P < 0.001. P Significantly different from zero for F-test: P < 0.0001. 
Variation in lipoprotein (a)
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ZW Xiong et al elevated Lp(a) concentrations. One might speculate that lesser educated people with limited literacy need to improve their knowledge of health and life skills, understand how to reduce risks, change their environment and adopt healthy lifestyle behaviour patterns, and that these alterations may be reflected in Lp(a) status. Several previous studies have shown that smoking is related to Lp(a) level (Heinrich et al, 1991; Sundell et al, 1989) . However, Melbourne Chinese studies, using multiple regression analysis, surprisingly found a significant relationship between cigarette smoking and Lp(a) only in women (Xiong et al, 2002) . In the Anglo-Celtic group, cigarette smoking was inversely associated to Lp(a) levels in the 40 -60 y age group. It could be possible that the number of cigarettes smoked in a day was insufficient to distinguish smokers from non-smokers as far as the plasma Lp(a) profile is concerned.
It is now well established that a moderate daily intake of alcohol is regarded as beneficial in the lowering of CHD risk. However, whether and how much alcohol consumption contributes to Lp(a) concentration is inconclusive (Keervinen et al, 1991; Valimaki et al, 1991) . In the present studies, Lp(a) varied according to alcohol intake in the three age groups. In middle-aged men (40 -60 y), the amount of alcohol consumed in a day was a strong independent predictor for Lp(a). An adverse effect of daily alcohol consumption on Lp(a) was observed and the daily alcohol intake accounted for 24% of variation of Lp(a) in young people ( < 40 y age group). Plasma Lp(a) is synthesized mainly in the liver (Kraft et al, 1989; Scanu & Fless, 1990; Kostner, 1993) . Thus, our results suggest that alcohol consumption not only modifies the synthesis of Lp(a), but also affects its rate of synthesis and its metabolism.
There was no relationship between Lp(a) and BMI, although the latter is a strong determinant of other plasma lipids and lipoproteins such as cholesterol, triglycerides, HDL cholesterol and LDL cholesterol (Anderson et al, 1988) . Correlation analysis shows that, although BMI has no significant association with Lp(a), increase in waist-to-hip ratio (WHP) and body weight in the ! 60 y age group were accompanied by increased Lp(a) concentrations, before and after adjustment for age, respectively. This observation suggests that obesity or a tendency towards obesity not only affects cholesterol, triglycerides and HDL but also affects Lp(a). Associations between serum Lp(a) and LDL cholesterol or total cholesterol have been noted in other studies (Albers et al, 1975; Dahlen et al, 1986) as well as our Chinese population study (Xiong et al, 2002 ). The present study shows that a slight positive correlation between Lp(a) and LDL cholesterol was found in men. This result may be explained by the contributrion of Lp(a) cholesterol to the LDL fraction. However, there are slight but significant negative relationships between Lp(a) and plasma triglyceride levels. The inverse relationship between plasma triglycerides and Lp(a) levels detected in the present study is consistent with a series of previous observations (Farmers et al, 1991; Werba et al, 1993; Dahlen et al, 1986) .
Remarkably in younger ( < 40 years) Anglo-Celtics, non-dietary factors may account for 86% of the variance in Lp(a) and dietary, analysed separately, 46%. However, there are some apparent idiosyncracies contributing to these models, including an alcohol effect difference for men and women. Indices of protein status (creatinine and nitrogen excretion) are unfavourable to Lp(a) (more elevated). Several early studies have demonstrated the oestrogenic properties of phytoestrogens, naturally occurring in plants (Verdeal & Ryan, 1979) . Anthony et al, (1994) reported in 1994 that premenopausal monkeys who were fed diets with high phytoestrogen content had significantly lower cholesterol, higher HDL and lower Lp(a) than those fed a diet low in phytoestrogens. Phytoestrogenic components of the diet were also analysed in the present study and results from the stepwise regression analysis show that about 46% of the variance of Lp(a) concentrations in the young age group ( < 40 y) was explained by phytoestrogenic food intake and 14% of the variation in the middle-age group (40 -60 y) was attributable to the same factor. These results show that dietary phytoestrogenic foods may have a beneficial effect in lowering Lp(a) levels. The mechanism by which this may occur is not known. Eldridge (Eldridge, 1982; Eldrige & Kwokek, 1983) have reported that soy bean is a major source of phytoestrogens. A number of soy products have been studied to elucidate their effect on lipid metabolism (Potter, 1995) .
In both men and women, there was a significantly inverse association of Lp(a) levels with size of apo(a) phenotypes in the Melbourne Anglo-Celtic population. This result is consistent with those found in American and European white population studies (Nikotin et al, 2001; Albers et al, 1974) . A further study of the Anglo-Celtic population on the relationship between phenotypes and Lp(a) concentrations, which included bands and molecular weight, showed a two-fold higher Lp(a) level in double-banded than in single-banded phenotypes, and approximately a three-fold higher Lp(a) level in small than in large molecular weight phenotypes. The inter-individual Lp(a) values varied significantly within each isoform type. Results show that this population has a higher frequency of S4 and S3 and lower frequency of S2, S1, B and F alleles, which would account for the distribution of Lp(a) concentrations being skewed toward lower levels, but the variation in Lp(a) levels within double-banded did not indicate codominant effects of the alleles, as previously suggested (Utterman et al, 1990) . These findings also occur in our South Asian and Aboriginal Australians groups (Xiong et al, 1995 (Xiong et al, , 2000 .
Conclusions
There was interesting evidence of environmental and lifestyle influences such as education, cigarette smoking, alcohol consumption, food intake and obesity on plasma concentrations of Lp(a) in the Melbourne Anglo-Celtic population. Although the apo(a) phenotypes clearly influence Lp(a) levels but are not alone in determining the variance 
